Abstract -A calorimeter for detecting hadrons in the energy range 10-100 GeV is described. It is used at CERN in the NA58 (COMPASS) experiment aimed at studying the nucleon structure and spectroscopy measurements of charmed particles. The calorimeter is composed of 480 modules with a cross section of 15 × 15 cm 2 , assembled in a matrix with dimensions of 4.2 × 3 m 2 and a central window of area 1.2 × 0.6 m 2 . In each module are 40 iron and scintillator layers of a total thickness of 4.8 interaction lengths. The energy resolution of the calorimeter for hadrons (pions) and electrons and the spatial resolution, determined on the test beams,
INTRODUCTION
The hadron calorimeter has been designed for the NA58 experiment at CERN [1] . The goals of this experiment are investigation of the nucleon structure on a beam of longitudinally polarized µ + mesons (muon program) and spectroscopy of charmed particles on a hadron beam (hadron program) with energies of 100-300 GeV. The muon program includes studies of the gluon polarization in nucleons, which manifests itself either by the asymmetry in the production of charmed particles D 0 K -π + and D* + D 0 π + (K -π + ) π + on polarized deuterons or by the production of hadron pairs with high transverse momenta, analysis of the distribution functions of quarks in longitudinally and transversely polarized nucleons, investigations of the Λ and polarizations in deep inelastic processes, etc. The hadron program comprises studies of the Primakoff reactions, searches for glueballs and hybrid quarkgluon states, investigations of semileptonic decays of charmed particles, observations of double-charmed hyperons, etc. Both of these programs require that hadrons be detected in the final states of reactions.
The layout of the COMPASS setup, which is a double-arm forward spectrometer, is shown in Fig. 1 . Each Λ arm is equipped with a magnet and a system of tracking detectors and detectors for identifying secondary particles. Among these are electromagnetic ( ECAL 1, 2 ) and hadron ( HCAL 1, 2 ) calorimeters, muon detectors µ -wall 1, 2 , and Cherenkov counters RICH 1, 2 ( ECAL 1 and RICH 2 , not shown in Fig. 1, have not yet been installed). The muon program uses a polarized target, while the hadron program needs liquid-hydrogen or solid targets. In this paper, we describe the hadron calorimeter HCAL 1 .
The HCAL 1 is located in front of the µ -wall 1 muon detector. It identifies and measures the energy of the hadrons produced inside the target and is used in the fast trigger scheme. To achieve the goals set out in the proposal [1], the hadron calorimeter must have an energy resolution of about ≈ or higher ( E is expressed in terms of GeV) and a spatial resolution σ x , y ≈ 15 mm and be capable of operating on a secondary beam at counting rates of 10 5 -10 6 s -1 per module.
The calorimeter description is organized as follows: a summary of the main results from simulations is pre- sented in Section 2, Section 3 describes the design of the calorimeter and its modules, Section 4 reports about the studies of the calorimeter on the test beams, the control system is presented in Section 5, the performance of the calorimeter as a part of the COMPASS setup is described in Section 6, its application in the trigger is illustrated in Section 7, and Section 8 contains the main conclusions.
SIMULATIONS
The HCAL 1 is a sampling calorimeter composed of interleaved plates of plastic scintillator and iron, in which photonuclear cascades initiated by primary particles are developed. Cascade particles deposit a portion of their energy in the scintillators; this energy is converted into a light flash, which is detected by a photomultiplier tube (PMT). The amplitude of a PMT pulse is proportional to the total energy lost by the shower in the scintillators of a calorimeter module (i.e., to the energy release of a primary particle in this module), while the sum of the amplitudes from all modules affected by the cascade is proportional to the energy of the primary particle if it is fully absorbed in the calorimeter.
The calorimeter characteristics (the energy and spatial resolutions of the calorimeter; the ratio of amplitudes due to electrons and hadrons (the e / π ratio); and the cross section and thickness of the iron and scintillator plates, optimized for hadrons with energies of 10-100 GeV), were assessed by the Monte Carlo method using the GEANT [2] and GCALOR [3] simulation program packages. The values of these characteristics are presented in the next sections. Results from these simulations showed that selection of 40 20-mm-thick iron and 5-mm-thick scintillator plates guaranteed almost full absorption of the hadron energy in this calorimeter.
CALORIMETER DESIGN
The general layout and the design principle for the calorimeter were selected with allowance for the requirements of the COMPASS experiment, the experience gained in developing calorimeters in the other experiments [4] [5] [6] [7] , and the results of our simulations. The physical configuration of the calorimeter is shown in Fig. 2 .
The calorimeter is composed of 28 (horizontal) × 20 (vertical) modules, assembled in a matrix on a special frame. Twelve modules have been removed from the each corner of the matrix. At the center of the calorimeter is a rectangular window with dimensions of 8 × 4 modules. The calorimeter has a cross section of 4.2 × 3 m 2 and a useful surface (in view of the window and the modules removed) of 10.8 m 2 . The window does not contain internal supporting elements that could form dead regions and act as a source of additional background due to their interactions with beam particles and secondary particles from the target. For this purpose, the front and rear panels of ten modules in each of the four layers above the window (these layers are shadowed in Fig. 2 
